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interlayer dielectric ?lm, and a copper ?lm; and an upper
plug and an upper interconnect. The upper plug passes
through a silicon nitride ?lm and comes into contact With the
copper ?lm of the loWer interconnect. The loWer intercon
nect is provided With a large number of convex portions
buried in concave portions of the loWer interconnect groove.
Thus, voids in the loWer interconnect are also gettered by the
convex portions. Accordingly, the concentration of voids in
the contact area betWeen the loWer interconnect and the

upper plug is relieved, and an increase in contact resistance
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is suppressed.
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SEMICONDUCTOR DEVICE AND METHOD FOR
FABRICATING THE SAME
BACKGROUND OF THE INVENTION

[0001] The present invention relates to a semiconductor
device having a buried interconnect buried in an interlayer
dielectric ?lm, and a method for fabricating the device.

[0002] In recent years, a high-integration semiconductor
device such as an ultra large scale integrated circuit (ULSI)
has been required to enhance the speed of signal transmis
sion, and to be highly resistant to migration intensi?ed by an
increase in poWer consumption. As an interconnect material
that meets such requirements, an aluminum alloy has con

ventionally been used. HoWever, in order to further enhance

the speed of signal transmission, loW resistivity copper
Whose resistance to electromigration is approximately ten
times as high as that of aluminum has lately been used as an

interconnect material.

?lling the loWer interconnect groove 113; an upper interlayer
dielectric ?lm 117 provided on the loWer interlayer dielectric
?lm 111; a connection hole 118 formed in the upper inter
layer dielectric ?lm 117 and an upper interconnect groove
119 formed thereon; an upper barrier metal layer 120 formed
along Wall surfaces of the connection hole 118 and the upper
interconnect groove 119; and a copper ?lm 121 for ?lling the
connection hole 118 and the upper interconnect groove 119.
A loWer interconnect 116 is made up of the copper ?lm 115

and the loWer barrier metal layer 114, formed in the loWer
interlayer dielectric ?lm 111, for ?lling the loWer intercon
nect groove 113. On the other hand, the upper interconnect
groove 119 is formed in an extensive region of the upper

interlayer dielectric ?lm 117 including the connection hole
118. Further, portions of the upper barrier metal layer 120
and the copper ?lm 121 ?lled in the connection hole 118
constitute an upper plug 122a, While another portions of the
upper barrier metal layer 120 and the copper ?lm 121 ?lled
in the upper interconnect groove 119 constitute an upper

interconnect 122b.

[0003] As processes particularly suitable for formation of
copper interconnect, a single damascene process and a dual
damascene process are knoWn. A single damascene process
repeats the steps of ?lling a connection hole, formed in an

SUMMARY OF THE INVENTION

[0007]

HoWever, a semiconductor device having a copper

interconnect formed by performing the above-described

interlayer dielectric ?lm, With a conductor material, and then

conventional damascene process or the like presents the

removing an excess portion of the interconnect material on

folloWing problems.

the interlayer dielectric ?lm by performing chemical/me
chanical polishing (hereinafter, Will be called “CMP”), thus
forming a plug; and forming an upper interlayer dielectric
?lm, ?lling an interconnect groove, formed in the upper
interlayer dielectric ?lm, With a conductor material, and then
performing CMP to form an interconnect connected to the

plug. On the other hand, a dual damascene process repeats
the step of: forming, in a single interlayer dielectric ?lm, a
connection hole and an interconnect groove overlapping
With this connection hole, ?lling the connection hole and the

[0008] As shoWn in FIG. 14, a void concentration region
125 is likely to be formed in a portion of the loWer
interconnect 116 (or the copper ?lm 115) in contact With the
upper plug 122a, in particular. Furthermore, since an elec
trical resistance in the void concentration region 125 natu
rally increases, a contact resistance betWeen the loWer
interconnect 116 and the upper plug 122a becomes exces

sive. As used herein, the “void concentration region” refers
to the region Where voids are concentrated.

interconnect groove With an interconnect material at the
same time, and then performing CMP to remove an excess

[0009]

portion of the interconnect material on the interlayer dielec
tric ?lm.

ever, the cause of formation of the void concentration region
125 is believed to be due to the fact that, since the larger the
area of the loWer interconnect 116, the more likely the void

[0004]

By using a damascene process, an interconnect can

be easily formed even if copper having dif?culty in being
patterned by dry etching is used as an interconnect material.
In particular, a dual damascene process is more advanta

geous than a single damascene process in that the step of
?lling a connection hole and an interconnect groove With an

interconnect material and the subsequent CMP step are each
performed only once in order to form an interconnect (see,

for example, Document 1 (Japanese Unexamined Patent
Publication No. 2000-299376), and Document 2 (Japanese
Unexamined Patent Publication No. 2002619617».
[0005]

FIG. 14 is a cross-sectional vieW illustrating the

structure of a conventional semiconductor device including

interconnect layers formed by performing a dual damascene
process.

[0006] As shoWn in FIG. 14, the conventional semicon
ductor device includes: a substrate 110 on Which semicon

ductor elements (not shoWn) such as a large number of
transistors are formed; a loWer interlayer dielectric ?lm 111
provided on the substrate 110; a loWer interconnect groove
113 formed in the loWer interlayer dielectric ?lm 111; a
loWer barrier metal layer 114 formed along a Wall surface of
the loWer interconnect groove 113; a copper ?lm 115 for

The mechanism of formation of the void concen

tration region 125 is not yet completely elucidated. HoW

concentration region 125 is to be formed, stress is generated
in a portion of the loWer interconnect 116 in contact With the
upper plug 122a, and this stress causes voids present in the
copper ?lm 115 to be concentratedly gettered in the void

concentration region 125.
[0010]

In vieW of the above-described problems, an object

of the present invention is to provide a semiconductor device
that can suppress formation of a void concentration region in
a portion of a loWer interconnect in contact With an upper
interconnect, and thus can suppress an increase in contact

resistance betWeen the loWer and upper interconnects, and a
method for fabricating such a device.

[0011] A ?rst inventive semiconductor device includes: a
loWer interconnect that is provided Within a loWer intercon
nect groove formed in a loWer interlayer dielectric ?lm, and
that has convex or concave portions at least at one of its

bottom surface, side surfaces and upper surface; and an
upper plug that passes through an upper interlayer dielectric
?lm and comes into contact With a part of the loWer

interconnect.

[0012] Thus, voids are also gettered by the convex or
concave portions of the loWer interconnect, and therefore, it
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becomes possible to suppress an increase in contact resis
tance caused by the concentration of voids in the contact
area betWeen the loWer interconnect and the upper plug.

[0013]

By providing concave portions, conveX portions, or

irregular-shaped concave and conveX portions at a bottom

etching portions of a loWer interlayer dielectric ?lm eXposed
to the loWer interconnect groove, thus forming irregular
shaped concave and conveX portions at the bottom and side
surfaces of the loWer interconnect groove.

portions, conveX portions, or concave and conveX portions

[0022] In a second inventive method for fabricating a
semiconductor device, a loWer interconnect buried in a
loWer interconnect groove is formed, a stress-relieving con
ductor ?lm is formed over the loWer interconnect groove,
and then an upper interlayer dielectric ?lm and an upper plug

of the loWer interconnect groove.

are formed.

[0014] If the loWer interconnect includes a portion formed
by a copper ?lm, it becomes possible to utiliZe, in particular,

[0023] By performing this method, the structure of the

an advantage that a reduction in interconnect resistance is
achieved because of the use of a copper ?lm.

obtained. More speci?cally, it becomes possible to facilitate

surface and/or side surfaces of the loWer interconnect
groove, the loWer interconnect can be provided With the
conveX or concave portions corresponding to the concave

[0015] Asecond inventive semiconductor device includes:
a loWer interconnect that is provided Within a loWer inter
connect groove formed in a loWer interlayer dielectric ?lm;
a conductor ?lm for covering the loWer interconnect; and an

upper plug that passes through an upper interlayer dielectric
?lm and comes into contact With a part of the conductor ?lm.

[0016] Thus, the concentration of stress in a portion of the
loWer interconnect located beloW the upper plug is relieved,
and therefore, an increase in contact resistance can be

second inventive semiconductor device can be easily
the fabrication of the semiconductor device that can achieve

the effect of relieving the concentration of voids in the
contact area betWeen the upper plug and the loWer intercon
nect.

[0024] In a third inventive method for fabricating a semi
conductor device, a loWer interconnect groove is formed in
a loWer interlayer dielectric ?lm, the loWer interconnect
groove is ?lled With a conductor material to form a loWer

interconnect, dopant ions are implanted into the loWer
interconnect, and then an upper interlayer dielectric ?lm and

suppressed.

an upper plug are formed.

[0017] A third inventive semiconductor device includes: a
loWer interconnect Which is provided Within a loWer inter
connect groove formed in a loWer interlayer dielectric ?lm,

third inventive semiconductor device can be easily obtained.

and into Which dopant is implanted; and an upper plug that

[0025] By performing this method, the structure of the
More speci?cally, it becomes possible to facilitate the fab
rication of the semiconductor device that can achieve the

passes through an upper interlayer dielectric ?lm and comes
into contact With a part of the loWer interconnect.

effect of relieving the concentration of voids in the contact
area betWeen the upper plug and the loWer interconnect.

[0018] Thus, voids are also gettered by the dopant present
in the loWer interconnect, and therefore, it becomes possible

[0026] The inventive semiconductor devices or the inven
tive fabricating methods thereof each relieve the concentra
tion of voids in the contact area betWeen the loWer inter
connect and the upper plug. Thus, the present invention can
provide a semiconductor device in Which contact resistance
in its interconnect layer is loW, and a method for fabricating

to suppress an increase in contact resistance caused by the
concentration of voids in the contact area betWeen the loWer

interconnect and the upper plug.
[0019] In a ?rst inventive method for fabricating a semi
conductor device, a loWer interconnect groove having con

such a semiconductor device.

cave or conveX portions at its bottom surface is formed in a

BRIEF DESCRIPTION OF THE DRAWINGS

loWer interlayer dielectric ?lm, the loWer interconnect
groove is ?lled With a conductor material to form a loWer
interconnect having conveX or concave portions, and then an

[0027]

upper interlayer dielectric ?lm and an upper plug are
formed.

embodiment of the present invention.

[0020] By performing this method, the structure of the ?rst
inventive semiconductor device can be easily obtained.

[0028] FIGS. 2A through 2D are cross-sectional vieWs
and plan vieWs illustrating the ?rst half of the process for
fabricating the semiconductor device of the ?rst embodi

More speci?cally, it becomes possible to facilitate the fab

ment.

FIG. 1 is a cross-sectional vieW illustrating the

structure of a semiconductor device according to a ?rst

rication of the semiconductor device that can achieve the

effect of relieving the concentration of voids in the contact
area betWeen the upper plug and the loWer interconnect.

[0029] FIGS. 3A through 3C are cross-sectional vieWs
illustrating the latter half of the process for fabricating the
semiconductor device of the ?rst embodiment.

[0021] As a method for forming an interconnect groove
having concave portions at least partially at its bottom
surface, the present invention may employ any of: a method

[0030]

for forming concave or conveX portions at a bottom surface

embodiment of the present invention.

of a loWer interconnect groove by performing etching using
an etching mask; a method for forming concave or conveX

portions at side surfaces of a loWer interconnect groove by
etching side surfaces of a loWer interlayer dielectric ?lm
having a second layer; and a method for performing etching
such that a deposition ?lm remains on bottom and side
surfaces of a loWer interconnect groove, and subsequently

FIG. 4 is a cross-sectional vieW illustrating the

structure of a semiconductor device according to a second

[0031] FIGS. 5A through 5D are cross-sectional vieWs
illustrating the process for fabricating the semiconductor
device of the second embodiment.

[0032]

FIG. 6 is a cross-sectional vieW illustrating the

structure of a semiconductor device according to a third

embodiment of the present invention.
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[0033] FIGS. 7A through 7D are cross-sectional views
illustrating the process for fabricating the semiconductor
device of the third embodiment.
[0034]

FIG. 8 is a cross-sectional vieW illustrating the

structure of a semiconductor device according to a fourth

embodiment of the present invention.

[0035] FIGS. 9A through 9D are cross-sectional vieWs
illustrating the process for fabricating the semiconductor
device of the fourth embodiment.

nect 22b. The upper plug 22a passes through the silicon
nitride ?lm 24 and comes into contact With the copper ?lm

15 of the loWer interconnect 16. The upper plug 22a and the
upper interconnect 22b constitute an upper interconnect

layer 22.
[0043]

The semiconductor device of the present embodi

ment is characteriZed in that the loWer surface of the loWer

FIG. 10 is a cross-sectional vieW illustrating the

interconnect groove 13, formed in the loWer interlayer
dielectric ?lm 11, is not ?at, but has many concave portions
13a, and the loWer interconnect 16 has conveX portions 16a
having shapes corresponding to those of the concave por

structure of a semiconductor device according to a ?fth

tions 13a. Even if the concave and conveX portions 13a and

embodiment of the present invention.

16a are provided only at a single position, the after-men
tioned effects can be achieved. In the present embodiment,
the loWer interconnect 16 has a thickness of 0.3 pm, for
eXample, and a planar siZe of 0.38 pm><1.5 pm, i.e., a Width
of 0.38 pm and a length of 1.5 pm, for eXample, While each
concave portion 13a has a depth of 0.1 pm, for eXample, and

[0036]

[0037] FIGS. 11A through 11D are cross-sectional vieWs
illustrating the process for fabricating the semiconductor
device of the ?fth embodiment.
[0038]

FIG. 12 is a cross-sectional vieW illustrating the

structure of a semiconductor device according to a sixth

embodiment of the present invention.

a planar siZe of 0.2 pm><0.2 pm, for eXample. The upper plug
22a has a planar siZe of 0.2 pm><0.2 pm, for eXample. In the
conventional structure, it is knoWn that if the loWer inter

[0039] FIGS. 13A through 13C are cross-sectional vieWs
illustrating the process for fabricating the semiconductor
device of the sixth embodiment.

connect groove 13 has a Width equal to or greater than 0.25
pm and a length equal to or greater than 1 pm, a void

[0040]

the loWer interconnect 16.

FIG. 14 is a cross-sectional vieW illustrating the

structure of a conventional semiconductor device including

interconnect layers formed by performing a dual damascene
process.

[0044]

The present embodiment is applicable to the sub

strate 10 even if another loWer interlayer dielectric ?lm

and/or interconnect layer are/is further provided. In the
DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0041] <First Embodiment>
[0042]

concentration region is likely to be formed, in particular, in

FIG. 1 is a cross-sectional vieW illustrating the

structure of a semiconductor device according to a ?rst

embodiment of the present invention. As shoWn in FIG. 1,
the semiconductor device of the present embodiment
includes: a substrate 10 on Which semiconductor elements

present embodiment, as indicated by the broken lines in
FIG. 1, another loWer interconnect and/or another plug that
reaches the semiconductor substrate are/is further provided
beloW the loWer interconnect 16. In general, the semicon
ductor device is often provided With three or more intercon

nect layers; hoWever, each of these interconnect layers
preferably has the shape of the loWer interconnect 16
described in the present embodiment.

[0045] In the semiconductor device of the present embodi
ment, the loWer interconnect 16 is provided With the conveX
portions 16a, and thus voids are also gettered by the conveX

(not shoWn) such as a large number of transistors are
formed; a loWer interlayer dielectric ?lm 11 provided on the
substrate 10; a loWer interconnect groove 13 formed in the
loWer interlayer dielectric ?lm 11; a loWer barrier metal
layer 14 formed along a Wall surface of the loWer intercon
nect groove 13; a copper ?lm 15 for ?lling the loWer

portions 16a. Therefore, it becomes possible to prevent
voids from being concentratedly gettered in a region of the

interconnect groove 13 together With the barrier metal layer
14; a silicon nitride ?lm 24 provided on the loWer interlayer

the conveX portions 16a.

dielectric ?lm 11 and on the copper ?lm 15; an upper

interlayer dielectric ?lm 17 provided on the silicon nitride
?lm 24; a connection hole 18 formed in the upper interlayer
dielectric ?lm 17 and an upper interconnect groove 19

formed thereon; an upper barrier metal layer 20 formed
along Wall surfaces of the connection hole 18 and the upper
interconnect groove 19; and a copper ?lm 21 for ?lling the
connection hole 18 and the upper interconnect groove 19. A
loWer interconnect 16 is made up of the copper ?lm 15 and
the loWer barrier metal layer 14 Which ?ll the loWer inter
connect groove 13. On the other hand, the upper intercon
nect groove 19 is formed in an extensive region of the upper

interlayer dielectric ?lm 17 including the connection hole
18. Further, portions of the upper barrier metal layer 20 and

loWer interconnect 16 in contact With the upper plug 22a.
Thus, it is presumed that the conveX portions 16a achieve
the function of gettering voids because stress is generated in

[0046] Hereinafter, a method for fabricating the semicon
ductor device according to the present embodiment Will be
described. FIGS. 2A through 2D are cross-sectional vieWs
and plan vieWs illustrating the ?rst half of the process for
fabricating the semiconductor device of the present embodi
ment. FIGS. 3A through 3C are cross-sectional vieWs

illustrating the latter half of the process for fabricating the
semiconductor device of the present embodiment. The
cross-sectional vieWs of the semiconductor device are

shoWn in the left part of FIGS. 2A through 2D, While the
plan vieWs of the semiconductor device are shoWn in the

right part of FIGS. 2A through 2D.
[0047]

First, in the step shoWn in FIG. 2A, a loWer

the copper ?lm 21 ?lled in the connection hole 18 constitute
an upper plug 22a, While another portions of the upper
barrier metal layer 20 and the copper ?lm 21 ?lled in the

interlayer dielectric ?lm 11 formed of a BPSG ?lm With a
thickness of about 1 pm is deposited on a substrate 10, and
then a loWer interconnect groove 13 is formed in the loWer

upper interconnect groove 19 constitute an upper intercon

interlayer dielectric ?lm 11 by a knoWn lithography and dry
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etching process. In this case, the depth D1 of the loWer
interconnect groove 13, shoWn in the left part of FIG. 2A,
is about 0.3 pm. On the other hand, the siZe L1 and siZe L2
of the loWer interconnect groove 13, shoWn in the right part
of FIG. 2A, are 0.38 pm and 1.5 pm, respectively.

[0048] Next, in the step shoWn in FIG. 2B, a lithography
process is performed to form, on the loWer interlayer dielec
tric ?lm 11, a resist ?lm Rel having a large number of
openings Hole. In this case, the planar siZes L3 and L4 of the
opening Hole, shoWn in the right part of FIG. 2B, are each
about 0.2 pm.

[0049] Subsequently, in the step shoWn in FIG. 2C, a dry
etching process is performed to remove portions of the loWer
interlayer dielectric ?lm 11 located beloW the openings Hole
of the resist ?lm Rel, thus forming concave portions 13a at
the bottom surface of the loWer interconnect groove 13. In
this case, the depth D2 of each concave portion 13a, shoWn
in the left part of FIG. 2C, is 0.1 pm, for example.
Thereafter, an ashing process is performed to remove the
resist ?lm Rel.

etching process. By forming the silicon nitride ?lm 24 so
that it covers the copper ?lm 15 of the loWer interconnect l6,
oxidation of the copper ?lm 15 can be prevented.

[0054] Next, in the step shoWn in FIG. 3C, a sputtering
process, for example, is performed to deposit an upper
barrier metal layer 20 having a thickness of 50 nm and made
of TaN across the Wall surfaces of the connection hole 18
and the upper interconnect groove 19 and the upper surface

of the upper interlayer dielectric ?lm 17. Subsequently, a
copper ?lm 21 is deposited on the upper barrier metal layer
20 by a sputtering process, a CVD process, an electroplating
process or the like until the copper ?lm 21 is ?lled in the
connection hole 18 and the upper interconnect groove 19. If
an electroplating process is performed, a seed layer made of
the same material as the interconnect material (Which is

copper in the present embodiment) is formed.
[0055]

Thereafter, a CMP process is performed to partially

remove the copper ?lm 21 and the upper barrier metal layer
20 until the upper surface of the upper interlayer dielectric

?lm 17 is exposed, thus obtaining the structure of the
semiconductor device shoWn in FIG. 1.

[0050] In the present embodiment and a fourth embodi
ment described later, the concave portions 13a are each

[0056] According to the semiconductor device fabricating

formed as a concave portion With a bottom. Alternatively, if

method of the present embodiment, the loWer interconnect

a conductor member is not exposed in regions of the upper
surface of the substrate 10 located directly beloW the con
cave portions 13a, the concave portions 13a may pass

16 having the convex portions 16a at its bottom surface can
be easily formed. Besides, in this structure, the convex

through the loWer interlayer dielectric ?lm 11.

it becomes possible to suppress an increase in contact

[0051] Next, in the step shoWn in FIG. 2D, a sputtering
process, for example, is performed to deposit, on the loWer
interlayer dielectric ?lm 11, a loWer barrier metal layer 14

portions 16a have the function of gettering voids. Therefore,
resistance caused by concentrative gettering of voids in a
region of the loWer interconnect 16 (Within the copper ?lm
15) in contact With the upper plug 22a.

formed of a TaN ?lm With a thickness of about 50 nm, and
then a copper ?lm 15 is formed on the loWer barrier metal
layer 14 by a sputtering process, a CVD process, an elec

[0057] In the steps shoWn in FIGS. 2B and 2C, if etching

troplating process or the like until the copper ?lm 15 is ?lled
in the loWer interconnect groove 13. If an electroplating
process is performed, a seed layer made of the same material
as the interconnect material (Which is copper in the present
embodiment) is formed. The TaN ?lm has the function of
suppressing diffusion of copper atoms.

loWer interlayer dielectric ?lm 11, and therefore, grooves (or
concave portions) having shapes corresponding to those of

[0052] Thereafter, in the step shoWn in FIG. 3A, the
copper ?lm l5 and the loWer barrier metal layer 14 are
planariZed by a CMP process in Which the copper ?lm l5
and the loWer barrier metal layer 14 are partially removed
until the upper surface of the loWer interlayer dielectric ?lm
11 is exposed. Thus, a loWer interconnect 16 made up of the
copper ?lm l5 and the loWer barrier metal layer 14 is
formed. Further, at the bottom surface of the loWer inter
connect l6, doWnWardly projected convex portions 16a are
formed.

[0053]

Subsequently, in the step shoWn in FIG. 3B, a

silicon nitride ?lm 24 With a thickness of about 0.2 pm is
formed on the loWer interlayer dielectric ?lm 11, and an
upper interlayer dielectric ?lm 17 formed of a BPSG ?lm
With a thickness of about 1 pm is deposited on the silicon

nitride ?lm 24. Thereafter, a lithography and dry etching
process is performed to form a connection hole 18 that

passes through the upper interlayer dielectric ?lm l7 and
reaches the copper ?lm 15 of the loWer interconnect l6, and
then an upper interconnect groove 19 is formed in a region

of the upper interlayer dielectric ?lm 17, including the
connection hole 18, by performing a lithography and dry

is carried out by using a lattice-shaped resist ?lm Rel as a
mask, lattice-shaped convex portions are formed in the

the lattice-shaped convex portions are formed in the loWer
interconnect 16. Even in that case, voids are gettered due to
stress generated in the concave portions of the loWer inter
connect l6, thus achieving the same effects as those of the
present embodiment. The same holds true With regard to the
fourth embodiment described later.

[0058] <Second Embodiment>
[0059]

FIG. 4 is a cross-sectional vieW illustrating the

structure of a semiconductor device according to a second

embodiment of the present invention. As shoWn in FIG. 4,
the semiconductor device of the present embodiment
includes: a substrate 10 on Which semiconductor elements

(not shoWn) such as a large number of transistors are
formed; a loWer interlayer dielectric ?lm 11 provided on the
substrate 10; a loWer interconnect groove 13 formed in the
loWer interlayer dielectric ?lm 11; a loWer barrier metal
layer 14 formed along a Wall surface of the loWer intercon
nect groove 13; a copper ?lm 15 for ?lling the loWer
interconnect groove 13; a silicon nitride ?lm 24 provided on
the loWer interlayer dielectric ?lm 11 and on the copper ?lm
15; an upper interlayer dielectric ?lm 17 provided on the
silicon nitride ?lm 24; a connection hole 18 formed in the
upper interlayer dielectric ?lm l7 and an upper interconnect
groove 19 formed thereon; an upper barrier metal layer 20
formed along Wall surfaces of the connection hole 18 and the
upper interconnect groove 19; and a copper ?lm 21 for
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?lling the connection hole 18 and the upper interconnect
groove 19. AloWer interconnect 16 is made up of the copper
?lm 15 and the loWer barrier metal layer 14 Which ?ll the
loWer interconnect groove 13. On the other hand, the upper
interconnect groove 19 is formed in an extensive region of
the upper interlayer dielectric ?lm 17 including the connec
tion hole 18. Further, portions of the upper barrier metal
layer 20 and the copper ?lm 21 ?lled in the connection hole
18 constitute an upper plug 22a, While another portions of
the upper barrier metal layer 20 and the copper ?lm 21 ?lled
in the upper interconnect groove 19 constitute an upper

interconnect 22b. The upper plug 22a passes through the
silicon nitride ?lm 24 and comes into contact With the

copper ?lm 15 of the loWer interconnect 16. The upper plug
22a and the upper interconnect 22b constitute an upper

interconnect layer 22.
[0060] The semiconductor device of the present embodi
ment is characteriZed in that Wall surfaces (i.e., bottom and
side surfaces) of the loWer interconnect groove 13, formed
in the loWer interlayer dielectric ?lm 11, are not ?at, but
have irregular-shaped concave and convex portions 13b, and
the loWer interconnect 16 has concave and convex portions

16b having irregular shapes corresponding to the shapes of
the concave and convex portions 13b. Speci?cally, a plu
rality of concave portions exist in the concave and convex
portions 13b of the loWer interconnect groove 13, and a
plurality of convex portions exist in the concave and convex

portions 16b of the loWer interconnect 16. Herein, “irregular
shapes” mean random shapes that are not identical for each
interconnect of each semiconductor device.

[0061] Also in the present embodiment, the thickness and
planar siZe of the loWer interconnect 16 are similar to those
of the loWer interconnect 16 of the ?rst embodiment. In the
conventional structure, it is knoWn that if the loWer inter
connect groove 13 has a Width equal to or greater than 0.25
pm and a length equal to or greater than 1 pm, a void

concentration region is likely to be formed, in particular, in
the loWer interconnect 16.

[0062]

The present embodiment is applicable to the sub

strate 10 even if another loWer interlayer dielectric ?lm

and/or interconnect layer are/is further provided. In the
present embodiment, as indicated by the broken lines in
FIG. 4, another loWer interconnect and/or another plug that
reaches the semiconductor substrate are/is further provided
beloW the loWer interconnect 16. In general, the semicon
ductor device is often provided With three or more intercon

nect layers; hoWever, each of these interconnect layers
preferably has the shape of the loWer interconnect 16
described in the present embodiment.
[0063] In the semiconductor device of the present embodi
ment, the loWer interconnect 16 is provided With the concave
and convex portions 16b, and thus voids are also gettered by
the concave and convex portions 16b. Therefore, it becomes

possible to prevent voids from being concentratedly gettered
in a region of the loWer interconnect 16 in contact With the

upper plug 22a. Thus, it is presumed that the concave and
convex portions 16b achieve the function of gettering voids
because stress is generated in the concave and convex

portions 16b.
[0064] Hereinafter, a method for fabricating the semicon
ductor device according to the present embodiment Will be
described. FIGS. 5A through 5D are cross-sectional vieWs

illustrating the process for fabricating the semiconductor
device of the present embodiment.

[0065]

First, in the step shoWn in FIG. 5A, a loWer

interlayer dielectric ?lm 11 formed of a BPSG ?lm With a
thickness of about 1 pm is deposited on a substrate 10, and
thereafter a resist ?lm Re2 is formed by a knoWn lithography

process. Then, dry etching is performed using the resist ?lm
Re2 as a mask, thus forming a loWer interconnect groove 13

in the loWer interlayer dielectric ?lm 11. In this case, the dry

etching is performed using CF4 and CHF3 as an etching gas
at a gas pressure of 133 pa and an RF poWer of 1 kW. Thus,

after the etching has been ?nished, there remains a ?uoro
carbon ?lm deposited nonuniformly on the Wall surface of
the loWer interconnect groove 13. The depth and planar siZe
of the loWer interconnect groove 13 may be the same as

those of the loWer interconnect groove 13 in the step shoWn
in FIG. 2A according to the ?rst embodiment.

[0066] Next, in the step shoWn in FIG. 5B, Wet etching is
performed using a hydro?uoric acid-based etchant (such as
HF or BHF), With the ?uorocarbon ?lm that has a non

uniform thickness remaining on the Wall surface of the loWer
interconnect groove 13. Thus, concave and convex portions
13b are formed at the Wall surface of the loWer interconnect

groove 13. Alternatively, the ?uorocarbon ?lm (deposition
?lm) may be partially removed by oxygen plasma to par
tially expose the loWer interlayer dielectric ?lm 11, and then
Wet etching may be performed using a hydro?uoric acid
based etchant.

[0067] Subsequently, in the step shoWn in FIG. 5C, a
sputtering process, for example, is performed to deposit, on
the loWer interlayer dielectric ?lm 11, a loWer barrier metal
layer 14 formed of a TaN ?lm With a thickness of about 50
nm, and then a copper ?lm 15 is formed on the loWer barrier
metal layer 14 by a sputtering process, a CVD process, an

electroplating process or the like until the copper ?lm 15 is
?lled in the loWer interconnect groove 13. If an electroplat
ing process is performed, a seed layer made of the same
material as the interconnect material (Which is copper in the

present embodiment) is formed. The TaN ?lm has the
function of suppressing diffusion of copper atoms.

[0068] Thereafter, in the step shoWn in FIG. 5D, the
copper ?lm 15 and the loWer barrier metal layer 14 are
partially removed by a CMP process until the upper surface
of the loWer interlayer dielectric ?lm 11 is exposed. Thus, a
loWer interconnect 16 made up of the copper ?lm 15 and the
loWer barrier metal layer 14 is formed. Further, at the bottom
and side surfaces of the loWer interconnect 16, irregular
shaped concave and convex portions 16b are formed.

[0069] Although the subsequent steps are not shoWn, the
steps similar to those shoWn in FIGS. 3B and 3C according
to the ?rst embodiment are carried out, thus obtaining the
structure of the semiconductor device shoWn in FIG. 4.

[0070] According to the semiconductor device fabricating
method of the present embodiment, When the concave and
convex portions 13b are formed at the loWer interconnect

groove 13, it is possible to easily form the loWer intercon
nect 16 having the irregular-shaped concave and convex

portions 16b at its bottom surface, Without adding a lithog
raphy process performed in the ?rst embodiment. Besides, in
this structure, the concave and convex portions 16b have the

function of gettering voids. Therefore, it becomes possible

